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INTRODUCTION

The term intraparenchymal haemorrhage
(IPH) refers to non-traumatic bleeding within
the cerebral parenchyma. IPH accounts for
15% of all cerebrovascular disease, and statis-
tics on this common pathological condition de-
termine that from 10-20 new cases per annum
occur for every 100,000 inhabitants in the pop-
ulation. This variation can be accounted for by
two factors, the first being a drop in the more
severe forms due to the recent progress made in
treating hypertension, and the second being the
improvement in diagnostic accuracy as a result
of the advent of computed tomography (CT).
CT now makes it possible to establish the
haemorrhagic nature of certain relatively “mi-
nor” events that were previously supposed
wholly ischaemic.

In 88% of cases, the haemorrage occurs with-
in the cerebral hemispheres, in 8% in the cere-
bellum and in 4% in the brainstem (Fig. 1.24).
IPH’s located in the cerebral hemispheres can
be further subdivided into two subcategories:
those in typical (75%) and those is atypical
(13%) positions. The former are found in the
basal ganglia and are almost invariably associat-
ed with high blood pressure. The latter, also
known as lobar or subcortical haemorrhages,
can sometimes be attributed to hypertension,
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Fig. 1.24 - Modified from (12).
This diagram shows the different percentages of intra-
parenchymal haemorrhage distribution: 88% affect the cere-
bral hemispheres (75% the paranuclear structures and 13%
the white matter); 8% the cerebellum and 4% the brainstem.
Deep-seated haemorrhages are included inside the sector of the
circle (delimited by the corpus callosum above, the external
capsule to the side and the brainstem below). Superficial intra-
parenchymal haemorrhages develop outside this boundary. So-
called “advanced” haemorrhages originate from the basal gan-
glia and spread through the adjacent white matter, crossing this
peripheral border. 



but are more commonly caused by aneurysm
rupture, arteriovascular malformation rupture
or by other pathology characterized by abnor-
mal vascularization (including neoplasia). In
cases of IPH, CT scanning is important as it
permits the differentiation of primary haemor-
rhages from ischaemic forms (Fig. 1.48), which
the clinical data alone is often unable to estab-
lish. In addition, the CT examination provides
accurate information regarding the site, ap-
pearance, dimensions and evolution of the
haemorrhagic focus.

THE ROLE OF CT

The introduction of CT immediately re-
vealed that IPH is far more common than pre-
viously supposed on the basis of clinical data
alone. Prior to the advent of this technique, on-
ly those clinical strokes in which the sudden on-
set and severity of symptoms were accompa-
nied by the presence of blood in the CSF (de-
termined by lumbar spinal tap), and in which
an avascular mass was detected by selective an-
giography (22) were considered haemorrhagic.

Today, both of these examinations are only
rarely considered due to their invasiveness and
relative inaccuracy. In 50% of IPH’s document-
ed using CT, the CSF is not found to contain
blood; angiography is only used very occasion-
ally for haemorrhages in typical locations, but
can be useful in confirming clinical suspicion of
such underlying pathology as vascular malfor-
mations, aneurysms, angiitis and neoplasia (24).

CT is useful for documenting both larger
haemorrhages, which may include ventricular
rupture, as well as smaller ones with minor neu-
rological symptoms. CT is so sensitive that it is
able to document all acute, clinically sympto-
matic haematomas correctly (21). The clinical
diagnosis is somewhat inaccurate even when
sophisticated score systems are used (11), thus
underscoring CT’s fundamental role in evaluat-
ing neurological emergencies (2).

In the hyperacute phase that follows a clini-
cal stroke, when the differentiation of primary
haemorrhage from other pathological entities is
most important, MR is only rarely used, be-

cause of its relatively long scanning times.
These extended examination times often make
it inappropriate for use in emergency situa-
tions, as these patients are not always able to re-
main immobile, and continuous clinical checks
are required is such cases. Moreover, on the few
occasions in which it is used, the MRI signal of
the haemorrhagic focus is not usually sufficient
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Fig. 1.25 - The presence of fluid levels is not rare (blood levels
stratify in the sloping part). In (a) a large putaminal haematoma
presents with a deep, more recent and compact component and
another, superficial one characterized by a clear fluid-fluid lev-
el (arrowhead). A level can also be observed in the irregular and
widespread multifocal intraparenchymal haemorrhage of a pa-
tient treated with anticoagulants for a heart attack (b).
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to distinguish it from other types of pathology
that may bleed (3).

However, MRI can prove to be very useful
in defining the anatomical-topographical na-
ture of the IPH and, above all, in monitoring
its evolution during the subacute and chronic
phases (Fig. 1.26). Persistent documentation of
haemoglobin derivatives makes it possible to
establish the haemorrhagic nature of a vascular
accident even some time after onset, a distinc-
tion that is not always possible using CT. In
some cases, MRI can also contribute to identi-
fying the pathology underlying the bleeding
(Fig. 1.27), evaluate hemorrhages within the
posterior fossa (where it is not hindered by
artefacts such as those that occur with CT, Fig.
1.26) and thanks to its greater relative contrast
resolution, it is also possible to identify smaller
foci that are not visualized using CT.

Angiography is only used in cases of non-
spontaneous haemorrhage, whose causes can-
not be demonstrated by MR or CT (with/with-
out contrast media) in the acute phase. It is al-
so routinely performed in the evaluation of pa-
tients under 45 years of age, especially when the
IPH has a lobar location and the patient has no
past history of high blood pressure (24).

CAUSES

IPH can be attributed to a great number of
causes, although by far the most common is
the so-called “spontaneous” form, which is al-
most invariably associated with systemic high
blood pressure. Haemorrhagic extravasation
occurs most commonly in the basal ganglia
(usually between the insula and the lenticular
nucleus); it also typically affects the claustrum,
the lateral portion of the putamen, and the ex-
ternal capsule and causes extensive injury of
the surrounding cerebral parenchyma as the
haematoma dissects its way through the cere-
bral tissue.

The haemorrhage occurs due to a rupture of
an artery (usually one of the lenticulostriate ar-
teries, which are particularly sensitive to
changes in pressure), whose walls have been
damaged by the chronic effects of arterial hy-
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Fig. 1.26 - Relations between CT and MR.
A recent haematoma affects the left paramidline portion of the
cerebellum (a). It is not subject to surgical removal (because it
does not cause a «narrow» posterior fossa). It is checked one
week later using MR (b), here represented in a coronal T1
weighted spin-echo sequence. MR is superior during the sub-
acute phase as it better documents haemoglobin breakdown
products; in particular around the posterior fossa, due to the
absence of artefacts from the cranial theca that are inevitable
with CT; in each phase and position due to its superior (three
dimensional) spatial localization (7). 
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pertension. The blood flows outwardly quite vi-
olently, and due to its kinetic energy, it forms a
vortex at the outlet point. Under direct obser-
vation, haemorrhagic foci are therefore masses
of more or less clotted blood, with poorly de-
fined margins (due to peripheral mingling with
necrotic strands of brain tissue). The adjacent
parenchyma is infiltrated with frank blood, and
is more or less destroyed. The clinical presenta-
tion (most patients are in their 7th decade of
life) is characterized by an abrupt onset and a
rapid evolution of signs and symptoms. In 1/3
of all cases, the neurological deficit reaches a
peak at onset, and in the remaining 2/3 of pa-
tients the clinical picture worsens gradually
over the course of minutes or hours in propor-
tion to the dimensions of the arteries involved
and the speed at which bleeding occurs. In cer-
tain rare cases, the clinical evolution can last a
number of days, thus mimicking the clinical
picture typically manifested by neoplasias (19). 

Prodromic symptoms such as headaches,
paleness and nausea only occur somewhat rarely.
In 2/3 of cases, the severe form of onset, or cere-
bral apoplexy, strikes patients during full activity
and only rarely occurs during rest. The systemic
blood pressure is high in 75-80% of cases, and
therefore plays a prominent role in categorizing
the likely aetiology of the haemorrhage. Unlike
aneurysm ruptures (which may have multiple
episodes), in most cases only one haemorrhagic
event occurs, and active/progressive bleeding or
late recurrence in the same site is rare.

A gradual worsening of clinical symptoms is
therefore more frequently caused by a perile-
sional increase in oedema (with a consequential
mass effect) or by the intraventricular or sub-
arachnoid spread of the bleed rather than an in-
crease in haematoma volume. In certain circum-
stances, CT images may not undergo any major
change, therefore indicating metabolic factors
or medical complications (22). In massive forms
of IPH (Fig. 1.33), the patient is comatose and
usually has severe alterations of the vegetative
functions (e.g., considerable breathing difficul-
ties, cardiovascular alterations, incontinence
and hyperthermia). In this phase, neurological
lateralizing signs can prove difficult to evaluate
given the massive hypotonia. 

When onset is more gradual, taking a num-
ber of hours, even sluggish patients are aware
of the occurrence of the neurological deficit. In
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Fig. 1.27 - IPH caused by the rupture of a cavernous angioma.
In this 22 year-old female, a localized haemorrhagic lesion af-
fects the rear arm of the internal capsula (a). With its various
sequences (in b it is represented by a PD-weighted SE se-
quence), MR demonstrates that it is consequential to the rup-
ture of a cavernous angioma.
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2/3 of cases, neurological or neurovegetative al-
terations tend to worsen during the first 24-48
hours, with a rapid evolution towards death,
which is sometimes ultimately caused by acute
pulmonary oedema.

In the so-called regressive forms, which ac-
count for the remaining 1/3 of patients, the
evolution is less aggressive, and following the
initial phase, which does not differ greatly from
that described, within 7-10 days the patient’s
consciousness and neurovegetative state may
stabilize or even improve.

In addition to high blood pressure, which
accounts for some 80% of cases, there are
many other causes of IPH. The most common
are aneurysm ruptures and arteriovenous mal-
formation (AVM) and cryptic angioma rup-
tures, all of which usually occur in lobar posi-
tions and are often accompanied by subarach-
noid haemorrhage (Fig. 1.35). 

2-10% of IPH’s are caused by an underlying
neoplasm, the most common metastatic forms
being melanomas, kidney and lung tumours and
choriocarcinomas. Primitive forms of tumours
that may lead to IPH include gliocarcinomas,

mesogliomas, angioblastic meningiomas and hy-
pophyseal adenomas.

Haemorrhagic mechanisms within the tu-
mour may be due to a number of factors, includ-
ing: the rupture of pathological neovessels asso-
ciated with the tumour, such as those observed in
a gliocarcinoma; the rapid growth of the neopla-
sia outstripping its blood supply, typical of neo-
plastic metastases and the associated systemic
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Fig. 1.28 - Large parenchymal bleed in a chronic alcoholic, with
more recent, irregular hyperdense foci, alternated with areas of
widespread colliquation in the white matter. The concomitance
of cerebral atrophy and the somewhat limited «mass effect»
caused by the lesion should also be noted.

Fig. 1.29 - Thalamic haematomas.
In (a) thalamic haematoma with limited extent, resolved by
conservative treatment alone (note the hypodense wedge-
shaped lesion in contralateral parietal location, outcome of a
previous ischaemic accident). In (b) a coarser haematoma with
marked mass effect (deformation of the 3rd ventricle) and in-
traventricular inundation with fatal outcome. 
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complications, such as coagulation disorders
(22). In approximately one-half of these patients,
the clinical onset takes the form of a haemor-
rhagic ictus, whereas in others the symptoms are
subtler and the CT detection of peritumoral
bleeding can be an unexpected finding (22).

IPH is also often caused by clotting disorders
(e.g., complications of anticoagulation treat-
ment, haemophilia, thrombocytopenic purpura,
leukaemia and aplastic anaemia), where bleed-
ing often occurs either spontaneously or sec-
ondary to minor trauma. The CT picture can be
typical or can very often reveal a fluid/blood in-
terface combined with fluid stratification as an
effect of blood sedimentation below the overly-
ing plasma (Fig. 1.25b).

IPH is also commonly observed in chronic al-
coholics, being caused by a number of different
pathogenic factors, especially the frequent falls
to which such subjects are prone due to im-
paired coordination; clotting disorders, most
commonly that of reduced platelet function; and
cerebral atrophy that exposes brain surface ves-
sels and bridging vessels (i.e., from brain surface
to parietal dura mater) to greater risk of trau-
matic injury. Bleeding can be quite widespread,
and usually originates in the subcortical white

matter. For this reason the haemorrhage can
thereby be differentiated from more serious
post-traumatic contusive haemorrhage, which
tend to be smaller and often multiple, and occu-
py a more superficial position (Fig. 1.28). Due to
the accompanying atrophy, even when extreme-
ly widespread, the haemorrhaging gives less sig-
nificant mass effect than might be expected in
other forms of haemorrhage with similar dimen-
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Fig. 1.30 - A «globous-midline» IPH (2), with dimensions (2.5
cm) larger than those usually observed for such formations,
which completely obliterates the putamen (compare delin-
eation with that of the healthy contralateral). The peripheral
crown-shaped hypodensity is also larger than normal.

Fig. 1.31 - Two examples of putaminal haematomas spread to
the external capsule, with the classic elongated shape in an an-
terior-posterior direction. That on the right (a) is smaller and
surrounded by a clearer hypodense border. These forms ac-
count for 11% of all putaminal IPH’s and usually have a good
prognosis.
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sions. Following surgical evacuation of the
haematoma, the brain parenchyma often returns
to its previously occupied space (22).

IPH’s may also be caused by cerebral amy-
loid angiopathy or CAA, most commonly en-
countered in elderly patients (13), and in cases
of sympathomimetic drug abuse, more com-
monly observed in the young (9).

In addition, cases of IPH are not infrequent-
ly observed secondary to arterial or venous in-

flammation (thrombosis/rupture of arteries and
of cortical veins or the dural venous sinuses) and
the forms of vascular inflammatory change oc-
curring in systemic or infectious illnesses.
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Fig. 1.32 - Typical example of putaminal haematoma that
spreads to the internal capsule (a) and to the semioval centre
(b). These forms account for 32% of all putaminal locations.

Fig. 1.33 - «Great cerebral haemorrhage».
Recent occurrence of widespread bleed massively involving the
left thalamic and putaminal basal ganglia. Concomitance of: a
marked mass effect (with conspicuous contralateral shift of the
midline structures) and a blocking of the ventricular cavities
(the homolateral ventricle is completely obliterated, the right
one only in the occipital horn). However, the amount of peri-
focal oedema is, as usual, restricted to a peripheral border on-
ly. The patient died a few hours later.

Fig. 1.34 - Recent, voluminous IHP involving the so-called tem-
poral-parietal-occipital junction.
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SEMEIOTICS

In comparison to the surrounding parenchy-
ma, acute phase IPH appears on CT scans as
clearly defined hyperdense, non-calcified le-
sions having mass (volume). The hyperdensity
is linked primarily (90%) to haemoglobin and
only partly (8%) to the concentration of iron
(6). For this reason it is less hyperdense in pa-
tients suffering from severe anaemia, where in
some unusual cases it can be difficult to per-
ceive (14). Clot formation and its subsequent
retraction cause a considerable increase in the
packed cell volume and thus a further increase
in density of up to 90-100 H.U. (6). IPH’s usu-
ally present as round or oval in shape, but in
certain haemorrhages, especially in the larger
ones, the haemorrhagic mass can be irregular
(Figs. 1.25b, 1.32b, 1.39a, 1.42a, 1.48a, 1.49a).
The profile of the haemorrhagic mass is usually
well defined, however blurred margin, tree-
shaped, jagged borders or map-shaped profiles
can also be observed. These shapes are a result
mainly of the quantity of the extravasated
blood (i.e., the greater the quantity, the greater
the dissecting effect upon the surrounding neu-
ral parenchyma), although in IPH forms associ-
ated with blood dyscrasias, irregular borders
are more common due to irregular clot forma-
tion (6) (Fig. 1.25b).

The appearance of the internal aspect of the
haematoma can either be homogeneous or can
be characterized by hyper- and hypodensities of
varying degree, size and configuration (Figs.
1.28a, 1.48a). Horizontal fluid-fluid levels may
also be seen (Figs. 1.25, 1.42). Occasionally,
shortly after onset of the haemorrhagic event, a
radiodense core surrounded by a less dense,
thin circumferential border area can be ob-
served. Over several days’ time, the peripheral
hypodensity is seen to enlarge and vary in width
(Figs. 1.26, 1.29a, 1.30, 1.31a, 1.32a, 1.33, 1.34,
1.36, 1.41a, 1.42, 1.47, 1.49a). This peripheral
oedematous layer yet later becomes visible as
more extensive digitations of oedema that pene-
trate the white matter extending away from the
haemorrhagic focus (Figs. 1.32b, 1.44, 1.45).
The origin of this peripheral oedema is partly
due to a serous exudation from the regional

blood vessels, and partly to the oedematous re-
action of the surrounding neural tissue to the
blood clot.

Larger hemispheric IPH’s (Figs. 1.25b, 1.33)
generally cause mass effect with midline shift,
and eventually a transfalx internal herniation of
the cingulate gyrus and downward transtentor-

34 I. CEREBROVASCULAR EMERGENCIES

Fig. 1.35 and 1.36 - Lobar and white matter haematomas. The
left frontal haematoma (Fig. 1.35) is secondary to the rupture
of an aneurysm of the anterior communicating artery and is ac-
companied by subarachnoid bleeding, intraventricular inunda-
tion and hydrocephalus. The right parietal haematoma (Fig.
1.36) is of the «spontaneous» kind in a hypertensive patient.



ial internal herniation of the hippocampal un-
cus. The latter event may ultimately result in a
series of secondary parenchymal softenings or
haemorrhages, especially within the midbrain
and pons (1).

During the first five days from IPH onset,
contrast enhancement on CT is never observed,
unless the haemorrhage is due to a discrete un-
derlying pathological entity (e.g., neoplasm)
(Fig. 1.42).

Some IPH’s, especially those in deeper posi-
tions (and not necessarily the largest ones),
rupture into the cerebral ventricles (Figs.
1.25b, 1.29b, 1.33, 1.47a, 1.49). Subarachnoid
bleeding is not uncommonly encountered, but
such cases usually suggest a ruptured vascular
malformation or cerebral aneurysm as the un-
derlying cause (Fig. 1.35).

Evolution

In non-fatal, conservatively treated haemor-
rhagic stroke cases, and especially in those in
which the clinical picture progressively wors-
ens, IPH evolution is often monitored sequen-

tially with CT. In other cases, the first scan is
performed some time after bleeding com-
mences, for example perhaps because the pa-
tient presented with a gradual progression of
signs and symptoms and a less abrupt onset.
For these and other reasons, it is therefore use-
ful to know how the blood collection evolves as
well as its collateral effects upon the overlying
tissues in order to monitor the situation during
follow-up, and be alerted to if and when further
intervention may become necessary.

Diagram 1.40 shows the changes that the var-
ious IPH parameters undergo over time as
judged by CT. Density tends to decrease, pass-
ing from a hyper- to an iso- and finally to an area
of hypodensity (Fig. 1.41), as a result of a series
of phenomena including the phagocytosis of
blood pigments, the persistence of necrotic
brain tissue and a mingling the whole with xan-
thochromic fluid (e.g., expressed serum). This
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Fig. 1.37 - Voluminous IPH of the left hemisphere causes a de-
formation and deviation of the 4th ventricle and a closed pos-
terior fossa condition.

Fig. 1.38 - An eight year-old girl falls into a sudden coma. The
CT picture shows a coarse IPH of the vermis with a subarach-
noid haemorrhagic shift, obviously a non-spontaneous form.
All the conditions (age, site and concomitant SAH) point to
secondary forms. CT documents two further findings: the
widespread ischaemic hypodensity of the brainstem and hydro-
cephalus (signalled by the ectasia of the temporal horns). There
is no time to perform an angiographic check or other neurora-
diological investigations. The vermis is one of the most com-
mon sites for «cryptic» angiomas (18).



progressive reduction in density that com-
mences during the first week, continues for sev-
eral months, and can usually be associated with
a parallel reduction in the overall size of the IPH
(19). The subacute phase, which starts 3-5 days
after the haemorrhagic event, is characterized by
clot lysis; the blood clot focus is surrounded by
a mainly mononuclear cellular infiltrate, which
causes fibrinolytic resolution, erythrocyte
phagocytosis, enzymatic digestion of the molec-
ular components and the accumulation of
haemoglobin breakdown products. The CT pic-
ture shows a gradual centripetally directed re-
duction in density (i.e., loss of hyperdensity
from the outermost layers of the blood clot, and
progressing temporally inward). The IPH as-
sumes a characteristic rosette type appearance
(Fig. 1.43a), having a central hyperdense portion
(represented by the centre of the clot), an inter-
mediate hypodense area (composed of cellular
debris, clot breakdown products and low
haemoglobin concentration serum), and finally
an even more hypodense outer portion caused
by the oedema (6). In larger haemorrhages, this
model can be replaced by a global, progressive
reduction in clot density (4). The appearance of
the IPH may also be altered by mixing with CSF
or, less frequently, by rebleeding. Towards the
third week, it tends to become isodense as com-
pared to normal brain parenchyma, before sub-
sequently becoming relatively hypodense. Two
to three months after the event, the centre of the
haemorrhagic focus has a density similar or near
to that of CSF, transforming itself into a poren-
cephalic cystic cavity (i.e., communicating with
the cerbral ventricular system) or alternatively
an area of cystic encephalomalacia (i.e., not
communicating with the ventricles). The dimen-
sions of intraparenchymal haemorrhages at this
late stage are notably smaller than at onset, and
an ex-vacuo dilation of the adjacent ventricular-
cisternal system always occurs (Fig. 1.41c). 

Smaller IPH’s may not leave macroscopic re-
mains, passing from hyper- to isodensity with-
out the subsequent evolution towards poren-
cephaly (in such cases, the focus of the
haematoma is replaced by a glial-type reaction).
In the chronic phase (after 3 months), the den-
sity values can be variable, with isodensity in

the case of a complete restituto ad integrum, hy-
podensity (the most frequent case) when the
porencephalic/encephalomalacic cavity forms,
and more infrequently, hyperdensity when cal-
cium deposits occur. As a general rule, larger
haematomas require more time to transit these
phases than do smaller ones. 

White matter oedema, which is visualized as
hypodensity around the haemorrhage on CT,
develops towards the end of the first week and
subsequently diminishes in degree, although in
certain cases it can persist for some time (Figs.
1.32 b, 1.41b, 1.44, 1.45). The mass effect, and
in particular the compression of the cerebral
ventricular system, is usually directly propor-
tionate to the amount of oedema entity; the
oedema eventually disappears after 20-30 days
(Figs. 1.25a, 1.32, 1.33, 1.41b, 1.42, 1.43, 1.44,
1.45, 1.47a, 1.49a).

Evolution of the haemorrhage principally
takes place in two stages: a) during the initial
few days the size is related to the growth of the
haematoma, and b) in the subsequent 2-3
weeks the overall mass effect is determined by
the increase in the perihaemorrhagic oedema
(the clinical significance of late appearing oede-
ma is as yet unclear) (23). The progressive re-
duction of this mass effect is typically more rap-
id in the smaller initial haemorrhages and the
haemorrhages associated to less perilesional
oedema (4-16).

Site

Pinpointing the location of the bleed, which
is usually easy with CT, is of fundamental im-
portance as it largely determines: a) clinical
symptomatology, which is closely linked to the
neural structures affected by the bleed; b) aeti-
ology and pathogenesis, because the sponta-
neous forms linked to hypertension develop in
the basal ganglia (the typical site), whereas
those due to ruptured aneurysms, AVM’s or
neoplasia are usually located in variable sites,
(lobar, posterior fossa, etc.); c) prognosis, which
correlates with haemorrhage location and ex-
tent; and d) treatment, which can differ from
one form to another, as some types may benefit
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by surgery while others (although opinions may
vary) are usually treated conservatively. Any
cerebral location can be involved, albeit with
varying frequency (Fig. 1.24).

The most typical hypertensive forms, which
account for some three-quarters of all IPH’s,
can be subdivided into medial (thalamic) or lat-
eral (putaminal) events. The former are less fre-
quent (15-25%) and tend to be smaller due to
both the smaller dimensions of the thalamic nu-

clei as well as their containing fibres that form a
barrier to blood diffusion (Fig. 1.29). However,
because of their deeper-seated location, these
haemorrhages are more likely to rupture into
the ventricular system (60% of all cases). In the
larger haemorrhages, the process may reach the
white matter (above) and the midbrain (below).

Putaminal haemorrhages are considerably
more frequent than the thalamic and tend to
have greater extension outwardly and frontally.
When they are confined to the putamen
(17%), they present as a rounded mass with a
typical diameter of 10-18 mm. They may man-
ifest potentially reversible symptoms as they
primarily cause compression of the fibres of
the internal capsule. In one-third of all cases,
these haemorrhages are observed in IV drug
abusers (Fig. 1.30). 

However, with the exception of these more
limited forms, putaminal haemorrhages tend to
extend towards the surrounding neural struc-
tures, with imaging studies that depend mainly
on their dimensions and expansion vectors.
Lateral haematomas that extend to the external
capsule (11%) commonly have an oval or com-
ma-like shape (Fig. 1.31), a thickness that can
vary between 1.5 and 2 cm, and a length of 3-5
cm. They originate in the lateral part of the
putamen and principally spread in an antero-
posterior direction across the external capsule;
they typically do not extend either to the hemi-
spheric white matter or deep into the internal
capsule. Due to the relative lack of mass effect
and absence of ventricular rupture, they com-
monly have a favourable prognosis and can
usually be removed surgically.

Forms of haemorrhage that spread more
easily to the structures noted above are includ-
ed in a third group (32% of the total) and are
characterized by a rounded core (2-3 cm) with
linear bands that extend medially towards the
internal capsule and are therefore known as
capsulo-putaminal haematomas; these haemor-
rhages also extend rostrally towards the cen-
trum semiovale (Fig. 1.32).

These first three groups are only rarely fatal,
although in a variable percentage of cases (1/3
- 2/3) they do result in some residual neurolog-
ical deficit.
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Fig. 1.39 - A large haematoma with a fragmented appearance
massively occupies the brainstem (a) and spreads upwards to-
wards the thalamic nuclei.
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A fourth group (19%) of larger IPH’s (3-5
cm) tend to expand concentrically from the
putamen towards the corona radiata and the
cortex of the cerebral hemispheres (frontal,
temporal and parietal lobes), with either a
jagged or a rounded appearance (Fig. 1.49).
Unlike the forms of haemorrhage associated
with middle cerebral artery aneurysm rup-
tures, their spread towards the Sylvian fissure
is not usually accompanied by subarachnoid
bleeding.

A last group (19%), with the exception of
the rare bilateral haemorrhages that account for
only approximately 2%, is composed of mas-
sive mixed putaminal-thalamic forms that en-
tail complex haemorrhagic involvement of all
the deep nuclear structures (22-24), (Fig. 1.33).

These latter IPH’s are large (up to 7 - 8 cm),
involve considerable midline shift and, in most
cases, ventricular rupture. They have poor
prognosis and often a rapidly fatal evolution in
three-quarters of cases. Principally this is due
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Fig. 1.40 - Modified from (4).
This chart shows the variations that the density of blood collections and other collateral parameters undergo during the phases sub-
sequent to acute haemorrhagic accidents.
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to associated brainstem injury, be it direct or a
consequence of transtentorial herniation, either
of which worsens the degree of coma, and if

unchecked eventually results in a severe neu-
rovegetative state (1).

It is therefore possible to formulate a progres-
sive grading of thalamic and putaminal haemor-
rhages. Together with clinical grading (e.g., pa-
tient awake; drowsy with or without neurological
deficit; sluggish with slight to severe neurological
deficit; semi-comatose with severe neurological
deficit or early signs of herniation; deep coma
with decerebration), it enables an immediate
prognostic assessment, which is useful in decid-
ing upon subsequent possible courses of treat-
ment (16). The debate between the supporters of
conservative medical treatment on the one hand,
and surgery on the other is still open. Whereas it
seems universally accepted that surgical evacua-
tion is the preferable treatment for lobar haem-
orrhages (especially when they are larger than 35-
44 cm3 and therefore have a greater probability
of causing brainstem compression and hernia-
tion), the management of haemorrhages occur-
ring in more common locations is still somewhat
controversial.

It should also be pointed out that surgery is
not necessarily considered as an alternative to
medical treatment, but rather as a complement
to it, especially when conservative management
proves inadequate alone (5, 8). For example,
surgery may be employed when medical thera-
py is unable to adequately control intracranial
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Fig. 1.41 - Evolution of IPH over time.
CT is commonly used in IPH follow-up. In (a) the haematoma
is documented a few hours from the stroke (note the deep po-
sition, the jagged edges and the presence of small satellite foci).
On a check carried out 14 days later (b), the haematoma pres-
ents modest reductions in volume and density; it is however,
surrounded by a vaster hypodense area (with a prevalence of
the oedematous component developing in the white matter).
Three months later (c), the haematic hyperdensity is replaced
by an irregular porencephalic cavity with a star shape, which
produces discreet ectasia of the homolateral ventricle.
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hypertension. However, generally speaking,
haemorrhages in thalamic positions are not
subject to surgery, because surgery at this loca-
tion is associated with higher mortality rates
(80%); nevertheless, these patients often re-
quire ventriculostomy, due to the frequency of
associated hydrocephalus (9).
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Fig. 1.42 - The use of contrast medium in atypically positioned
acute haematomas. A voluminous lobar haematoma with a prima-
rily occipital expansion (a) is constituted by a more hyperdense
component (*), an expression of recent bleeding, and by another
subacute, more widespread, and partially levelled component.
The site and the lack of association with hypertension suggested a
secondary haemorrhage and therefore an examination was per-
formed after intravenous administration of contrast medium (b).
There was no documentation of pathologically significant impreg-
nations adjacent to the haematomas, nor alterations in density.
The spontaneous haemorrhagic picture, with clots in various
phases of evolution, was confirmed during surgery.

Fig. 1.43 - The use of contrast media in the subacute phase.
Twenty-five days from the stroke, this haematoma presents with
(a) a target-shaped form and a blurred central hyperdensity.
The contrast medium (b) impregnates a thin and uniform pe-
ripheral rim. This ring is clearly distinguishable, despite the fact
that the patient had received long-term steroid treatment,
therefore in this «late» phase it is essentially supported by the
hypervascularization of granulation tissue. 
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With regard to putaminal haemorrhages,
surgery and its timing depend upon the clinical
status of the patient at the time. Haemorrhages
with a statistically favourable expectation based
on past experience are usually treated conserv-
atively; those with stationary or slowly worsen-
ing clinical pictures are operated in an elective
manner; those IPH’s with early signs of internal
brain herniation are traditionally taken to emer-
gency surgery; and the massive haemorrhages
in those patients having a dire general and neu-
rological status (e.g., deep coma, decerebra-
tion) are not usually treated surgically (17).

The second form of hemispheric IPH (15-
25%) is localized wholly within the white mat-
ter. These so-called lobar or subcortical intra-
parenchymal haemorrhages are linked in one-
third of all cases to high blood pressure and in
the remaining two-thirds of cases to other caus-
es described previously.

The position of these lobar haemorrhages
can be parietal (30%), frontal (20%), occipital
(15%) or mixed (35%). In fact, they often oc-
cur at the temporo-parietal-occipital junction
(Fig. 1.34). Their CT appearance and evolution

are very similar or identical to that previously
discussed for more “typical” positions of IPH. 

Frontal haemorrhages (Fig. 1.35) are usually
unilateral (lobar haemorrhages can be bilateral
in forms secondary to aneurysm ruptures of the
anterior communicating artery). They are round
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Fig. 1.44 - The influence of steroids on the outer ring.
17 days after the ictus, this IPH presents a reduction in its cen-
tral density, an ample quantity of perifocal oedema and discreet
mass effect. After CE it is demarcated by a ring, which because
of cortisone treatment is incomplete and blurred (arrowhead).

Fig. 1.45 - Contrast medium use in the diagnosis of forms en-
countered in the subacute phase only.
For approximately two weeks the patient has been suffering
from worsening symptoms of intracranial hypertension, with
progressive hemiplegia of the left side. Clinical suspicion points
to a neoplastic pathology. The lesion documented by CT (a) is
hyperdense as with IPH, but with atypical site (and symptoma-
tology); it is accompanied by abundant oedema of the white
matter and exerts a marked mass effect. The subsequent exam-
ination after CE, with the demonstration of the «ring» en-
hancement, would therefore strongly suggest a haemorrhagic
nature (as confirmed by subsequent checks). It should be not-
ed that, despite its circumvolute appearance, also in this phase
the ring is thin and regular; which arouses further doubts, be-
cause the patient has not yet been treated with steroids.
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or oval in rostral positions and wedge-shaped
(with the apex directed at the ventricles and the
base towards the brain surface) if located in a
frontal-basal position. Only 20% of lobar
haemorrhages rupture into the cerebral ventric-
ular system. At least 50% are life-threatening
(22). Those lobar haemorrhages with locations
in the temporal lobes are round; they can rup-
ture into the temporal horns and develop early
internal transtentorial brain herniation. When
they develop within the Sylvian fissure, thus be-
coming frontal-temporal, they are more likely
caused by ruptured aneurysms of the middle
cerebral artery. Larger haemorrhages often ex-
tend deep into the basal ganglia, although they
do not usually cross the internal capsule, an im-
portant distinction with regard to subsequent
treatment.

Parietal lobar haemorhages (Fig. 1.36) have
the most favourable prognosis and often re-
solve with little or no neurological sequelae,
even without surgery.

10% of occipital lobar haemorrhages rup-
ture into the occipital horns of the cerebral ven-

tricles. Nevertheless, these haemorrhages also
typically resolve spontaneously in the vast ma-
jority of cases, although they often leave some
degree of visual deficits.

Cerebellar IPH’s account for approximately
8% of the total, which more or less corresponds
to the proportion of the space occupied by the
cerebellum as compared to the remainder of the
brain. Once again, in this position hypertension
is by far the most common cause. Hypertensive
bleeds are followed, in second place, by vascu-
lar malformations that account for 10-15% of
the total; these haemorrhages are usually caused
by the rupture of cryptic angiomas, which are
even more frequent at this location than in the
cerebral hemispheres (Fig. 1.38). 

Approximately 80% of cerebellar IPH’s
have lobar origins (Fig. 1.37), initially affecting
the dentate nucleus; this is where vessel wall al-
terations such as Charcot-Bouchard aneurysms
as observed in the lenticulostriate arteries in as-
sociation with basal ganglia haemorrhages are
seen pathologically. From here, the haemor-
rhage can cross the midline, affecting the ver-
mian area to enter the contralateral cerebellar
hemisphere; it may also rupture into the 4th

ventricle. More infrequently, it can dissect into
the brainstem, which more commonly is simply
affected by compression or displacement.

Less frequently, IPH’s may primarily affect
the cerebellar vermis, especially in the case of
aneurysm ruptures (Fig. 1.38).

In cases where consciousness is largely unaf-
fected and CT presents an IPH devoid of mass
effect with a diameter of less than 3 cm, com-
plete recovery can be expected and surgery is
generally not required (Fig. 1.26). However,
emergency surgery is usually essential (and must
be carried out urgently, in order to be lifesav-
ing), in most of the other cases, especially when
there are CT or clinical indications of brainstem
and fourth ventricle compression (e.g., con-
tralateral brainstem displacement, distortion
and marked brainstem compression with associ-
ated obstruction of the 4th ventricle, loss of the
basal subarachnoid cisterns, and obstructive
supratentorial hydrocephalus) (22) (Fig. 1.37).

With regard to the brainstem, three anatomi-
cal and pathological distinctions can be made for
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Fig. 1.46 - Haemorrhagic infarct.
An extensive ischaemic infarct that massively affects the terri-
tory of the left middle cerebral artery, four days from onset
presents an unexpected worsening of clinical conditions. 
CT documents irregular circumvolute hyperdensities, which
can refer to overlapping bleeding phenomena. 



non-traumatic parenchymal haemorrhages: 1)
those haemorrhages encapsulated within the
brainstem parenchyma, 2) large brainstem IPH’s
with ventricular rupture (Fig. 1.39); 3) petechial
brainstem haemorrhages secondary to expanding
supratentorial mass effect complicated by inter-
nal transtentorial cerebral herniation (22). The

small dimensions of the latter make them difficult
to perceive on CT. Pontine haemorrhages have
variable appearances and longitudinal extents
depending on the size of the vessels from which
they originate and the point at which they occur.
If bleeding is caused by the rupture of larger ar-
terioles, the haemorrhage is more commonly me-
dial, affecting the base of the pons and the
tegmen and spreading to the fourth ventricle.
Due to mass effect, in 80% of cases the peri-
brainstem subarachnoid cisterns are obliterated.

However, in haemorrhages associated with
smaller vessels (having a more lateral and
tegmental position), the bleeds are usually
smaller and unilateral and do not rupture into
the fourth ventricle. 

CT is invaluable in differentiating pontine
haemorrhages from those affecting the adjacent
cerebellar peduncles and especially the fourth
ventricle; the latter are paramedial, pyramid-
shaped (reproducing the form of the ventricle,
which is usually dilated), and are often accom-
panied by hydrocephalus and the presence of
blood in the basal subarachnoid cisterns (22).

IPH’s rarely occur in the midbrain; when
they do they are not usually caused by hyper-
tension but are instead often related to
aneurysm ruptures. They rarely spread to the
pons or the thalamus (above, Fig. 1.39).

In the majority of cases, CT permits a pre-
cise spatial definition of bleeding and its exten-
sions. In certain cases, more accurate informa-
tion may be required, which is now easily ob-
tainable with CT angiography using 3D recon-
structions, especially with the use of computer-
ized postprocessing analysis (10).

Contrast agent use

During the acute phase, paranuclear IPH’s
do not require enhanced examinations using IV
contrast medium administration. This tech-
nique is used when the diagnosis is in doubt, if
the aetiology of the haemorrhage is uncertain
(Fig. 1.42), or in the following conditions: 

a) patients under 40;
b) absence of history of high blood pressure

documentation;
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Fig. 1.47 - Although rarely, IPH’s can also present with bilater-
al multiple localizations.
In (a) an example of a deep form, in (b) lobar forms. The
haematomas of (a) are both putamino-thalamic; that on the left
has a non-homogeneous core and, due to its larger dimensions,
prevails in the shift effect on the contralateral ventricular cham-
bers. The IPH’s in (b) are due to the recent bleeding of breast
cancer metastases. 
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c) progression of neurological deficit over
more than 4 hours; 

d) history of transitory prodromes; 
e) an atypical CT appearance and dispro-

portionate degree of subarachnoid and/or sub-
dural haemorrhage; 

f) presence of possible combined pathology,
such as proven neoplasia, bacterial endocarditis
or arteritis (22).

Contrast agent use is therefore essential in
all cases where an IPH potentially caused by
other types of pathology is suspected. In fact, in
the case of bleeding tumours, contrast agents
usually only enhance the solid mass compo-
nent, which can therefore be better distin-
guished from the surrounding parenchyma (if
isodense) and the haemorrhage (if hyperdense).
Enhancement can be nodular, diffuse or ring-
shaped (thickened and irregular). The haemor-
rhage is most frequently found at the interface
between the tumour and the surrounding oede-
matous parenchyma; it can sometimes present

with a pseudo-cystic appearance or appear with
a fluid-fluid level of differing densities (22). 

During the subacute phase, in other words
when the IPH tends to be accompanied by
greater degrees of perilesional oedema and con-
sequent greater mass effect, and starts to lose its
characteristic hyperdensity, it can sometimes
reveal an atypical CT picture, similar to that
seen in cases of neoplasia. On the other hand,
these IPH’s usually have a lobar location, and
therefore at onset their symptomatology may be
mild and progress slowly; for this reason they
may not be seen in hospital until the subacute
phase. In such circumstances, the use of IV
contrast agents can aid in the determination of
the diagnosis (Fig. 1.45). From the second to
the sixth week, IPH’s show a characteristic but
minor ring of enhancement along the margin of
the haemorrhagic portion. However, this find-
ing is not constant and in fact does not appear
in some 50% of cases (Figs. 1.43, 1.44). This
ring enhancement may also be present in the
iso- and hypodensity phases of haemorrhage
evolution, when the perilesional oedema and
mass effect are completely resolved. The en-
hancing ring is usually thin, approximately 3
mm wide, and of uniform thickness (this ap-
pearance of the rim enhancement is therefore
different from that which often surrounds neo-
plastic masses, which is thicker and has uneven
dimensions).

In the absence of other definitive differen-
tiating elements between the two conditions,
the final diagnosis is possible on the basis of
subsequent serial imaging studies, which, in
the case of IPH’s show a gradual decrease in
the contrast enhancing intensity of the rim, to-
gether with a further reduction in the diame-
ter and density of the central haemorrhagic
component.

There are at least two mechanisms that ex-
plain this semeiological aspect of contrast en-
hancement surrounding benign IPH’s: one pre-
vails in the first stage (3-4 weeks from onset of
haemorrhage), which depends on the brain-
blood barrier breakdown of otherwise normal
native vessels and is reduced in degree by the
use of steroids (Figs. 1.43, 1.44); the other,
which takes place during the later phases, is

44 I. CEREBROVASCULAR EMERGENCIES

Fig. 1.48 - CT in differential diagnosis between infarct and
haemorrhage.
It is rare for ischaemic and haemorrhagic pathologies to pres-
ent associated. This case serves to demonstrate the difference
between the CT pictures for the two.
On the right the sequelae of an extensive infarctual lesion (hy-
podense), which affects the territory of the middle cerebral ar-
tery and, immediately adjacent, a recent rounded formation
(hyperdense) of haemorrhagic type, which expands in depth to
the basal grey nuclei.
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Fig. 1.49 - CT is also valid in postsurgical follow-up.
(a) documents a coarse putaminal IPH, spread to the cerebral
cortex (note the concomitant haemorrhagic extravasation in
the ventricular cavities, with scattered clots in the frontal
horns and a minimal amount of fluid sloping in the occipital
horns). Three days later (b), the haematoma was surgically re-
moved. The CT picture is characterized by the presence of a
large hypodense area and a small gas bubble; more externally
there is a malacic appearance of the parietal lobe (however the
practically unaltered intraventricular haemorrhagic compo-
nent persists). On check-up ten days later, there is a residual ir-
regular deep hypodensity that subsequently, one month after
the ictus, is surrounded by a granulation tissue with an intense,
albeit thin, ring of contrast medium impregnation (d). The fol-
lowing week this cavity is subject to drainage; and the tip of
the deviation catheter is clearly visible. The periencephalic flu-
id-filled spaces and the ventricular cavities contain air (which
also occupies the non-sloping parts of the ventricles). 
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linked to the hyperneovascularization of the
granulation tissue that surrounds the IPH and
is not altered by steroid treatment (Fig. 1.45).

It is believed by some researchers that func-
tional recovery is better in cases in which the
contrast-enhancing rim is present. Besides IPH
and neoplasia (glioma, metastasis, lymphoma),
other types of pathology with similar appear-
ances include abscesses (in which the ring en-
hancement is usually thicker and denser, al-
though regular in its thikness, and is accompa-
nied by nodular daughter components or ring
enhancing satellite foci), and thrombosed
aneurysms and angiomas (in which calcifications
or vascular components that can aid in the cor-
rect diagnosis are often found).

PARTICULAR FORMS OF IPH

Haemorrhagic infarction

A haemorrhage may develop within an is-
chaemic lesion when a lack of oxygen that caus-
es the necrosis of the endothelial cells of the
capillaries occurs. In actual fact, infarctions al-
most always contain a variable haemorrhagic
component as determined pathologically,
sometimes in the form of small petechial haem-
orrhages that are not visible on CT. It is there-
fore the presence or absence of this CT visual-
ized component that indicates or dispels suspi-
cion of haemorrhagic infarction (12). This type
of event is most frequently observed as a result
of cardiogenic cerebral emboli or anticoagula-
tion treatment. These haemorrhages are usually
visible on CT scans performed 4-5 days after
the infarct (up to a maximum of 2 weeks) (22)
and are often accompanied by a worsening in
the patient’s clinical condition. Haemorrhagic
infarctions occur in 20% of cases of ischaemic
cerebral disease (small petechial haemorrhages
are present in at least 50% of autopsy findings).
The haemorrhages are almost always confined
to the cerebral cortex and usually affect the
deeper gyri. On CT scans these infarcts appear
as a hypodense area that reflects the circulation
territory (i.e., watershed) of the affected artery;
however, due to the larger degree of accompa-

nying oedema, the low density area has greater
dimensions than the actual dimensions of the
infarct. These infarcts do not usually have sig-
nificant mass effect and usually show small hy-
perdense haemorrhagic components within the
infarcted region (Fig. 1.46). Small diapedetic
forms are not usually visible with CT, in part
due to the limited spatial and contrast resolu-
tion of the technique. The most widespread
cortical haemorrhages usually have a gyral dis-
tribution with convolutional hyperdensity or
are only visible in the apex of the infarct area.
Intravenous contrast agent administration with
CT in the subacute phase results in a classic gy-
ral enhancement pattern. 

Intraventricular haemorrhage

Intraventricular haemorrhages can be divid-
ed into two categories: one, the more frequent,
secondary to the spread of an IPH that dissects
through the ependymal lining of the ventricular
surface; and two, a primitive type of haemor-
rhage due to the rupture of vessels of the
choroid plexus or the ventricle walls. The most
common causes of the latter are connected to
regional vascular malformations, haeman-
giomas of the choroid plexus or, more rarely,
malignant neoplasia affecting the paraventricu-
lar tissues. 

CT is able to establish both the presence as
well as the aetiology of the intraventricular
bleed with considerable accuracy, showing a
hyperdense haemorrhage that forms a cast of
the morphology of the ventricular chambers
(Figs. 1.25b, 1.29b, 1.33, 1.35). A blood-fluid
(i.e., blood-CSF) level can often be observed, in
which hyperdense blood due to gravity layers in
the occipital horns in supine patients (Figs.
1.33, 1.35). However, in some rare cases the in-
traventricular blood occupies the temporal
horns alone. If the intraventricular haemor-
rhage is a result of an ipsilateral hemispheric
IPH, the ventricular blood may be present in
the adjacent lateral ventricle only. 

These two conditions, that is IPH versus
intraventricular haemorrhage (IVH), can usu-
ally be differentiated relatively easily, al-
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though, especially if the IPH is particularly
small, they may be confused as a single-com-
partment hyperdense haemorhage due to par-
tial volume averaging effects. In fact, there is
no absolute correlation between IPH dimen-
sions and association of IVH; in some cases
small haematomas of the caudate nucleus or
the thalamus are accompanied by massive in-
traventricular bleeding.

Certain studies have shown a direct relation-
ship between the volume of intraventricular
blood (e.g., presence of blood in the intraven-
tricular space, number of ventricles containing
blood, intraventricular extension of hyperden-
sity from adjacent brain parenchyma) and the
prognosis of these patients (20). Within a few
days, blood hyperdensity is gradually diluted
by the CSF circulation and by the breakdown
of haemoglobin products. Due to the effect of
CSF flow obstructions at various levels within
the ventricular system, partial or total locula-
tions of the ventricular chambers may form
over time. 

Multiple IPH’s

IPH recurrences at the same site are some-
what rare, as are multifocal haemorrhages
(Fig. 1.47). These types do not account for
more than 3% of all intraparenchymal haem-
orrhages. The causes of multiple haemor-
rhages are often the same as those of single
ones, although they usually occur in patients
with normal blood pressure, and tend to
specifically be seen in patients with clotting
defects, cerebral metastatic neoplastic disease
(Fig. 1.47b), thrombosis of the dural venous
sinuses, herpes simplex encephalitis or bacter-
ial endocarditis with cerebral septic emboli.
However, even after selective cerebral angiog-
raphy, it is often difficult to trace the original
cause. In two-thirds of cases, the IPH’s have
bilateral lobar positions, and in the remaining
one-third they are lobar-nuclear (basal ganglia
nuclei), thalamic-cerebellar, paranuclear-bilat-
eral, etc. (22).

In general this does not pose a diagnostic
problem in distinguishing multiple benign

IPH’s from other multiple spontaneously hy-
perdense lesions (metastases, multiple menin-
giomas, rare multifocal angiomas, etc.), all of
which significantly enhance on CT with IV
contrast agents.

CONCLUSIONS

CT enables the direct visualization of haem-
orrhagic lesions and assists in the differentia-
tion from other acute cerebrovascular events
(Fig. 1.48). CT typically accurately illustrates
the site(s), extent and volume of the IPH(s). In
the early phases CT is helpful in monitoring
morphological and densitometric characteris-
tics as well as for revealing complications such
as intraventricular rupture or progressive hy-
drocephalus.

CT is later useful in identifying spontaneous
progression and postsurgical recurrence, in the
case of surgical removal (Fig. 1.49). The ease
and rapidity with which the examination is per-
formed, its high sensitivity and specific nature
make CT the examination of choice for study-
ing this type of pathology. Spiral CT, the latest
technological innovation of this technique and
one that has proved particularly useful in a
number of disease categories (including injuries
of polytraumatized patients), has more limited
applications in the evaluation of clinical stroke.
In reality, its use is not indispensable: tradition-
al CT scans of the cranium are nearly as fast
and equally accurate. In this part of the body,
there are no problems posed by breathing mis-
recording, correct contrast agent timing or
even motion artefacts caused by long examina-
tion times. However, the spiral CT technique
may play a role due to its application in multi-
planar image reconstruction studies (15). 
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